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Axial flux permanent magnet synchronous machines (AFPMSMs) have been widely spread over several 
applications thanks to their great torque density and excellent performance. Specifically, AFPMSMs 
have been greatly used for sustainable energy applications, such as electrical vehicles. 
Traditionally, these type of machines are designed based on the rated speed. However, in such 
applications, AFPMSMs often operate in a wide range of the operating speed, i.e. field weakening 
regime. In very high speeds, the fundamental frequency increases which makes it is important for the 
iron loss computation to take into account the skin effect as well as the non-linear behavior of the 
magnetic material. In this region, it is important to avoid PM demagnetization due to the excessive 
reverse armature field. To do so, accurate modeling of the eddy currents in the magnets is also 
important. 
In this paper, a generic dynamic iron loss model is combined to an analytical model of the studied 
machine is proposed to evaluate efficiently the machine loss and consequently its efficiency in high-
speed operation conditions. 
The proposed dynamic iron loss calculates the magnetic induction distribution in the thickness of the 
lamination and is coupled to the vector Jiles-Atherton hysteresis model. The presented study 
emphasizes using a more advanced dynamic iron loss model for accurate design of AFPMSMs that 
operate at high-speed operation conditions. 
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